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There is evidence tha t  t h e  r a d i a t i o n  damage depends,  
b e s i d e s  on the mass of t h e  atoms ( S i  and t h e  i m p u r i t i e s ) ,  
also on (1) the  electric charge s ta tes  of the  c rys ta l  and 
t h e  l a t t i c e ,  and (2) the  i n t e r n a l  f i e l d ,  such a s ,  p-n 
j u n c t i o n  f i e l d  and t h e  f i e l d  produced by t h e  c o n c e n t r a t i o n  
g r a d i e n t  i n  t h e  crystal .  
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I n t r o d u c t i o n  
On t h e  problem of t h e  s p a t i a l  d i s t r i b u t i o n  of radia$ion 
damage i n  S i ,  Spencer ’) and Yurkov”) have given some theo-. 
r e t i ca l  c a l c u l a t i o n s .  Vavilov, Pa t skev ich ,  Yurkov and ,*sq,‘ 
Glazunov 3 ) ,  and F l i c k e r  and L o f e r s k i  4, r e p o r t e d  e x p e r i i  
m e n t a l  r e s u l t s  w i t h  0.5 Mev e l e c t r o n  r a d i a t i o n .  Vavilov _. e t I ’ 
- a l . ,  s t a t ed  a need of f u r t h e r  exper imenta l  i n v e s t i g a t i o n  on 
t h e  i n t e r a c t i o n  of d e f e c t s  and- impur i t i e s .  F l i c k e r  and 
L a f e r s k i  demonstrated t h e  importance of  t h e  energy l e v e l  
of  defect c e n t e r s  w i th  r e spec t  t o  t h e  Fermi l e v e l .  I n  t h e  
p r e s e n t  work, by us ing  a somewhat d i f f e r e n t  exper imenta l  





‘ ,  
, 
b 
approach, i t  becomes p o s s i b l e  t o  a s c e r t a i n  t h e  impur i ty  
c o n c e n t r a t i o n  e f f e c t .  E s s e n t i a l l y ,  w e  are us ing  a photo- 
v o l t a i c  S i  c e l l  w i t h  shallow p-n j u n c t i o n  s u b j e c t e d  t o  
e l e c t r o n  r a d i a t i o n .  W e  measure the p h o t o v o l t a i c  s h o r t  
c i r c u i t  c u r r e n t  ( t h i s  w i l l  be r e f e r r e d  t o  as c u r r e n t ,  
h e r e a f t e r ) ,  as a f u n c t i o n  of t h e  photon energy be fo re  and 
a f t e r  t h e  r a d i a t i o n .  By a formula which connec ts  t h e  energy 
d i s t r i b u t i o n  and t h e  s p a t i a l  d i s t r i b u t i o n  of t h e  c u r r e n t ,  
1 
w e  can c a l c u l a t e  a s p a t i a l  r a d i a t i o n  damage f u n c t i o n .  Such 
a c a l c u l a t i o n  from our  experimental  r e s u l t s  w i l l  be g iven  i n  ’ 
t h e  p r e s e n t  paper .  
1 
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Experiment 
' ) ,   '. ., I !  
Having a l r e a d y  descr ibed  t h e  e s s e n t i a l  f e a t u r e  of the ,  
exper imenta l  approach, here  w e  w i l l  m e r e l y  make some ~- t 
, *. ' , . "* 
comparisons of experimental  methods and t h e i r  i m p l i c a t i o n s . , '  
\ r  . 
\ ' .  
Vavilov e t  a1 measured t h e  r a d i a t i o n  damage th rough  ' - - * '  
t h e  change of t h e  ohmic r e s i s t i v i t y  of o r d i n a r y  p-type Si. 
This  method is cons ide rab ly  l ess  s e n s i t i v e  than  t h e  method 
of measuring t h e  c u r r e n t  of  t h e  p h o t o v o l t a i c  c e l l  5, as, used 
. I .  
by F l i c k e r  and Lofe r sk i  4) , a s  w e l l  as i n  t h e  p r e s e n t  work. 
F l i c k e r  and Lofe r sk i  introduced L aluminum f o i l s  (up t o  a 
t h i c k n e s s  of  0.75 mm) i n t o  t h e  f r o n t  of t h e  p h o t o v o l t a i c  
cell .  Th i s  achieved t h e  purpose of modulating t h e  i n i t i a l  
energy of  the e l e c t r o n s ,  and measured t h e  e l e c t r o n - v o l t a i c  
c u r r e n t  due t o  t h e  d i f f e r e n t  r a d i a t i o n  energy.  I n  t h e i r  
a n a l y s i s ,  similar t o  t h a t  of Vavilov e t  a1  complicated -- * '  
p r o c e s s e s  of  r e d i s t r i b u t i o n ,  a s  
had t o  be in t roduced .  
g iven  i n  References  1 and 2, 
2 
I n  ou r  experir  t, w e  measure ih, t h e  p h o t o v o l t a i c  
c u r r e n t  p e r  photo  of energy hc/A-, t h u s ,  
r c  
where I(h,,x) is - 
x from t h e  f r o n t  :->urface of t h e  p h o t p v o l t a i c  ce l l ,  and d is ; 
t h e  t h i c k n e s s  o f  ce l l .  The parameter  K ( A )  can  be c a l l e d  
a convers ion  e f f l c i c n c y  parameter ,  bu t  a s  i ts  usage w i l l  be 
f u r t h e r  i l l u s t r a t c i ,  K ( A )  can a l s o  i n c l u d e  t h e  d imun i t ion  
o f  i), due t o  t h e  ;ccal recombina t ions  and t r a p p i n g s .  Xn a 
homogeneous, is;l: i-,.)iJic system, w e  have 
J .‘.ight i n t e n s i t y  o f  A wave l e n g t h  a t  d e p h  
. ,  
h e r e  Q: ( A )  i s  o;> b ica l  a b s o r p t i o n  c o e f f i c i e n t .  The re fo re ,  
The t o t a i  c u r r e n t  gene ra t ed  by a l i g h t  s o u r c e  I(A;x) through 
t h e  tot;; c e l l  can be w r i t t e n ,  
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where 
is 1. U i n  S i .  From (4) , w e  o b t a i n  t h e  c u r r e n t  a t  a place 
x perpend icu la r  t o  t h e  s u r f a c e ,  , 
h o  i s  t h e  wave length of  t h e  a b s o r p t i o n  edge which 
I + . I,, ‘ 
. *  
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i X =J K O )  I(A,x) a. (5) ;\* 
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S u b s t i t u t i n g  (3) i n  t o  (51, 
0 
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By us ing  t h e  d a t a  of Dash and Newman 6 ,  for c u ( A ) ,  from t h e  
t h e  exper imenta l  va lue  of d and ix, w e  have computed ix. 
The d i f f e r e n c e  of ix f o r  a c e l l  be fo re  and a f t e r  t h e  r a d i a t i o n  
then  i n d i c a t e s  a r e l a t i v e  s p a t i a l  d i s t r i b u t i o n  of t h e  r a d i a t i o n  
damage. 
R e s u l t s  
Three k i n d s  of pho tovo l t a i c  c e l l  have been used i n  t h e  
i 
p r e s e n t work : 
Specimen 1. p-type su r face  of about 0 . 5 ~  t h i c k ,  a p-n 
. .  
j u n c t i o n  of about  0 . W  wide, and.75mm t h i c k  n-type bulk  wi th  
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Speci :~+zn . The r eve r se  oA ; 7ecimen 1, i , e . ,  inteFchange O f  
p and n ,  w.. .ii same concent ra l  .- s. 
cons tan t  e scep t  nea r  t h e  juriccion where 
occurs .  
+ *  , . ' 9 ,  ' 
I n  Specimens 1 and 2 ,  i . . d r i t y  c o n c e n t r a t i o c s  are qujte. 
t h e  p-n compensation 
Specimen 3 .  Specimen 3 h a s ,  b e s i d e s  an 
. t  \ *  
n-p j u n c t i o n  as i n  ' \ ' 
Specimen 2 ,  also a concen t r a t ion  g r a d i e n t  s t a r t i n g  a t  2% t h i c k ,  
a s t e e p  i n c r e a s e  of impuri ty  c o n c e n t r a t i o n  from 5 x 
t o  5 x p e r  c.c.  
per c.c. 
A i l  these cel ls  a r e  s u b j e c t  t o  1 Mev 5 x l O I 4  e l e c t r o n s /  
c m  2 r a d i a t i o n .  The d a t a  are normalized t o  t h e  same i n i t i a l  
va lue  and are shown i n  Figure 1. 
:Ye observe i n  a l l  t h r e e  samples t h a t  t h e r e  i s  a smal l  
i n f l e c t i o n  near  t h e  l o c a t i o n  of p-n o r  n-p j u n c t i o n s ,  t h i s  
cor responds  t o  t h e  r eg ion  of a s t r o n g  f i e l d .  Second, t h e r e  
is apprec iab ly  less. damage i n  Specimen 3 xhich  has  a 
h igh  impur i ty  concen t r a t ion .  
Ve i ~ r e  i n v e s t i g a t i n g  a more q u a n t i t a t i v e  a spec t  of t h e  
problem. 
r a d i a t i o n  damage on t h e  t i m e  r a t e  of r a d i a t i o n .  
o b s e r v a t i o n s  can be t reated c o l l e c t i v e l y  as  a quasi-Fermi 
l e v e l  e f f e c t  which was not  included i n  t h e  t h e o r e t i c a l  Treat-  
ment w e  have r e f e r r e d  t o .  
There is a.lso some evidence i n  t h e  dependence of  t h e  
A i i  these 
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